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An Absolute Calibration of the National Bureau

of Standards Thermal Neutron Flux
E. ). Axton!
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The NOS Thermal Neutron Flux haz been calibrated in teems of the gold thermal

neutroh capture oross sectioh.

_ero . Tiwe effective thermel ocuteon (below cadmitm cutolf
energy) Aux density ig estimated to be 4307 L2 poereent alon? sec in September 1961,

Thia

figure i= in Bgrecioent with 4 recent value quoted by the NBS.

1. Introduction

The NBS Standard Thermal Neutron Flux has
been ecalibrated in termz of the Bir,e) oross section
[Dte Juren and Rosenwasser, 1954] and of the gold
thermal neutron capture cross section [Mashurg and
Murphey, 1961]), The present calibration, based on
sbeolute counting of "™Au activity by the 4rf-»
coincidence method, represents part of a program
of internationsl cotnparmsons of thermal nectron Oux
density measureinent,

2. Methoed and Procedure

The method is similar to that used for the shsolute
calibration of the neutron fux in the AERE reactor
GLEEP [Axton, 1963]. This calibration was based
on ahaolute counting of ¥Mn and of ™Ay hy the
dgf— coimcidence methoed, and some of the sama
gold foils and the same counting equipment are
uzed in the present experiment, so that the various
correction factors aassociated with the foils and
equipment have already been evaluated and, where
appropriata, are reproduced in table 1.
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A pair of foils (&, %) 30 mgjem? in thickness and
1 cre dizm were pradiated in the flux for one week,
A similar pair ((fy, &), encased in cadmiom 0.1 em
ek, were irradiated for 11 days,

The foils were counted in the 4x8 counter of the
coincidence equipment previously described [Axton,
1863]. For &, %, the total counting rate was
approximately 11 cfs against a background of 0.9
r:);;, For (3;, &, the counting rate was approximately
2.2 ¢ofs, against & background counting rate of 0.9 cfa,
In view of the low counting rate it wis not poesible
to ronke comcidence messurements on there foils,

| Xal|anal Physloal Laboeabory, Fept, of Scientife and Tudusirdn] Hesvprel,
Teldlrgran, 3 jddleses, England. (An joviled paper.]

However, the ratio hetween N the net counting
rate 1n tha 4r@ counter, and N, the absolute clizin-
tegration rate has been measured for these foils &
number of times both before and after this irradiation
1 the course of the GLEEF flux insasorerment.

The reaction vate Y, par milligram of foil js
obteined fromt the aquation

Lrexp [Mta—£) N (t,—1t3)
{1—exp [=Mta—t) |} [1—exp [—A{L— )]}

(I}

where k 12 the decay constant of "®An and P is the
averagc disinfegration rate per mg from time §; to
time £, of 3 fodl irvadiated from time 4 to time £,

The thermal nentron flux density, defined ag sy,
#y, Where Ay, is the neutron density below the cad-
moum cutoff enerpy, and py=2200 m/sec, is given by

I}{. =

(L FVWEy—= D, paFegi A

Tonlly= p
et 0,001 Nogao 2
whers

T} ca 18 the reaction rate per mg obtained with

. the foil under cadmium.
Foa 13 a correetion factor for the attenystion
_ of resonance neutrons in the cadmium.
1/F 5 & currer:l-:im] factnr_fur thermal neuvtron
_ flux density depreasion and self shielding.
goy is the effective absorption cross section for

neutrons with g Maxwellian distribu-
tion of velocities ot 20 2,
oy =93.8b {Hughes and Schwartz, 1853),

g =1.0053 {Westeott, 1960).
A =Atomic Weight.
Ne  =Avogradre’s Number.

The values of both F and g are dependent upon
the temperature T axsoriated with the most probskle
velocity in the Maxwellian distribution, The tem-
perature is assumed here to be T to conform to the
value of g quoted by Mosburg and Murphey [1841].
T,=2036 "K and £7; s the energy corresponding
to the neutron vejocity r,=2200 m/sec at which
thermal cross sections are normally tabulated.
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F= X[ E(X)] Where X =3 gt

#1085, (F/T)2
and
E’(X)=J: w? pxp (—uXdu
t iz the foil thicknoss in gfem’.

3. Hesults

. The results are pregented in pn‘b]e 2 fromn which
it can be deduced that the effective thermel neutron
(below cadminm eutoff energy) flux density is
given by

Tt p=4307 nfem? eec.
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For comparisgon purposes the values of ne, ohtained
ut NBS sare presented in table 3, golumn 1, and
corrected to September 1961 in column 2,

However, the procedure used ito caleulate the
nentren flux differs from that of Mosburs and
Murphey [1961) in three respects.

Firstly, the value 1.04% ecaleulated by Moshurg
and Murphey, sod used by them for the correction
foctor Foy is beliewed to ba too large. The caleula-
tion of thiz factor is difficult, since it involves an
effactive eross section for cadmium. To obtain such
an effeclive cross eection it is not suffcient to
calculate the absorption of the ressnance neutrons
in the cadmium; nor is 1t sufficient to mensure the
reduction of the activity produced by & further
equal thickness of cadmiurn. This follows because
the activity of the cadmium covered foil is not
ﬂnducad wholly hy the resonance-energy neutrons.

osburg snd Murphey used the miom total
oross section at the pold resonance energy in their
caleulation of Foy. owever, to satisfy the ax-
perimentally derived value for #oy quoted in table 1,
it is necessary to use only the capture cross section

Juz & fraction of the scatter eross asction., This
raction is expected to vary with foil thickness as
will the relative contribution of the resonence-
energy neutrons to the activity of the cadmium
covered foil. However, there are insufficient data
aveileble af the present time to estahlish wvariations
of Fp, with foil thickmess., Thus, the experimentally
determined value for these particular foila and
cadmium, covers (takle 1} 1s arred. 1f the resulis
of Mosburg and Murphey, who used similar thick-
nesses, are recaleulated using this value of Fioy,
the flux value is raized by about 0.6 percent,

TABLE 3. Comparizon of NAE and NPL measnrementy
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Secondly, the effective cross section gey is used
mstead of ¢, to derive the neatran Hux from the foil
activity. This resuls in a reduction of about 0.5
percent and almoat cancels out the first change.

Thirdly, the effective cross section 1.08 gog is used
instead of o to dertve the foil self-shsorption corree-
tion.

The resulta of Mosburg and Murphey [1961] hava
been recaleulated with thesa chanpes to produce tha
revized value for the neutron flux density shown in
column 5.

NPL flux density measurement .

Thus theratio NBS flux density meas ment is 1.020,

which reduces to 1.018 if the adjustinents to Fioy and

to the cross sections sre mede In the eslealation of
the NES gold value.

It is sometimes of interest to specily the nepiron
flux density in terras of tha total neutron density =,
or of the density in some specific component of the
flux, In order to de this with detectors whose cross
gection does not fallow the 1/p law, it 1s necessary to
asstitne & spectrimn shape, which, in the case of wall-
maderated resciors, usunil_v comprises o Maxwellian
distribution of velocities ot temperature T K and a
dFE/F component terminated st an effective lower
limit w4 T.  With the present system of peint sources,

it is unlikely that the spectrum follows the 1/ [aw -

vory closely. Nevertheless, in the ahsence of
apecific information, the dX/E aseumption has been
made for the purpeses of tha following calculations,
and the results therefore should be trested with
reserve.

The relative intensity of the 4E/E component is
derived from cadminm ratio messuremsnts. The
cadmium ratio By (ratio of activity obtained with
bare foil to that obtained with cadmium covered foil}
iz given by the equation

FirdTiTo) '+ Gty

LI Gl B el LA W i 3
Bea= (R 118 Bt — W) )
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which i3 based on the aguation of Walker at al
[1960] with (&) the addition of the self-«hielding fae-
tor &, and (b} the assumption of zero penctraiion
of thermal neutrons through the cadmium.

N I & function of the resonance iotegral
5=17.3 [Westcott 1960] (s, ia tha
T=7T, valua of Wasteott’s 2,).

W iz a funetion of the resonance integral
below the cadouvum cutoff encrey.
W=0.027. [Walker at al. 1960].

K is & funection of the cadmivm cutofl

enerzy. For 0.1 em Cd, H=22031
 [Westcott et al. 1958].

r i & measura of the relative intensity of
the dE/F component. The {raction of
the neutron density in the JE/E
component of flux is 4r{ru) %

a 1.0053.

7, accounts for the self-screening of the
resongnge-energy neutrons in the foil,

F5 accounts for the attenuation of the reso-

nance-energy neutrons n the cadminm
cover.

@, and f(3) are reproduced in table 1 from s previous
paper [Axton, 1963f

For & {ull disenssion on the meanings of these
terms the reader is referred to the literature,

Thus, with the experimentally determined value
for By the valus of £ can be calenlated from eq (3),
The walue so obtained is r=0.0212, The total flux
density ne, 18 then given by

fitg—nutel BRI B —1}=nuto(1—r/EK)
=Tyt 0. 9008 = 4347 m/femy? sec

whera R iz the eadiniurn ratio which wovuld be ob-
tained with & thin }/ﬂ detector, R=Kr from eq
{3} with F=1, =T, #,=W=0. It appears that
changes as hizh as 20 percent in the value of rhave
very httle effect on the value obtained for the total
nentron flux density.,

The Mazxwellian flux denaity nwey (whera #, is the
neutron denaity in the Maxwellian cotnponent of
the flux) is miven by

T Bg="1lg (l—%)=ﬂ-9?51 nt,—=4239 mfem® see.

The valua of u, which is determined by the affac-
tive lower energy limit of the 4E/E component of the
flux, is » matter for spme diseuzsion. The value uzed
here (3.681) is that for which s, was computed.

4. Accuracy of Resultz

Toble 4 shows the various errors « associated with
the caleulation of the thermal neutron flux density,
together with the weights w with which they influence
the result.

The sumn [E{we)®"* iz less than 1 percent.
In addition, there may be a systemstic arror nok
exceeding +1 percent associnted with the absclute
measurement of the radionctivity. The combined
error i3 thus 42 pereent.

1t is concluded that NBS and NPL mensurements
of thermal neutron flux density sre in agreement
within the limits of experimental error.

The author i= grateful for the cooperation of the
National Burecan of Standarda in this work, which
has been carried out as &Ym of the genersl research
program of the Netiongl Physical Laboratory, and
this paper i published with the permission of the
Direstar.
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